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Summary — Based on an intramolecular benzyloxy or amide group participation, two sets of experimental conditions have
heen established for the prenaration of r‘ac’/l-rn;nc tetrahvdrofurans 6 or lactone 8 from sugar clorivad anon-chain hudravvlatacl
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precursors 4. These include: (1) a two-step mesylatlon—cycll7auon promoted by LlOII/TIII"—Il,gO or Nal/CH3CN at reflux;
or (2) a one-step cyclization mediated by (diethylamino)sulfur trifluoride (DAST) at —78 °C in CIHz2Cl,. The scope and
limitations of these cyclizations are described particuiarly in reiation to a siereoseieciive synthesis of highiy oxygenated
chiral tetrahydrofurans. Molecular modeling studies tentalively rationalized our experimental cyclization results affording
five-membered versus six-membered heterocycles starting from different precursors.

polyoxygenated tetrahydrofuran / (diethylamino)sulfur trifluoride (DAST) / benzyl group participation / amide
group participation / L-gulonolactone / differentially protected 1,4-diol

Résumé — Activation efficace de la fonction hydroxyle par le diéthylaminotrifluorosulfurane (DAST): préparation de
tétrahydrofuranes polyoxygénds chiraux par participation stéréosélective de groupements benzyloxy. Basées sur une
réaction de participation intramoléculaire de groupements benzyloxy ou amide, deux sérics de conditions expérimentales ont
été respectivement mises au point pour la préparation des tétrahydrofuranes polyoxygénés de t_yx)e G ou de la lactone 8 & partir

des nolvols acveliaues nrécurseurs dérivds de sucres de type 4, Cles mrocddés décrivent une séounence réactionnelle en deux
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étapes de mésylation-cyclisation induite par les sy:;t(,meb LlOII/'I‘IIF—IIgO ou Nal/CH3zCN au reflux ou une cyclisation
cn une étape assistée par le diéthylaminotrifluorasulfurane (DAST) & —78 °C dans le dichlorométhane. Ces cyclisations
sont rapporiées en considérani plus particulierement ia synthése siéréoséieciive de tétrahydrofuranes chiraux polyoxygénés.
Des études de modélisation moléculaire ont éLé réalisées pour essayer de rationaliser les résultats de cyclisation observés
impliquant les participations des groupements benzyloxy ou amide pour différents précurseurs de cyclisation.

tétrahydrofurane polyoxygéné / diéthylaminotrifluorosulfurane (DAST) / participation de groupement benzyle /
participation de groupement amide / L-gulonolactone / 1,4-diol différemmment protégé

A sequence of carboxyl-assisted protonation and C-O
cleavage of the perhydrooxazine function of 1 in the

Introduction

As inhibitors of glycosidases, new rationally designed
aza-sugar mimics represent one of the most promis-

ing classes of drugs hkely to alter HIV1 replication
ion is supported by the known
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antl-HIV properties of cleoxyno_]nunyun [2], N-butyl
deoxynojirimycin [4, 5], castanospermine [6] and 6-O-
butanoyl castanospermine (7] as well as related deriva-
tives. Known mechanistic studies about the hydrolysis

af olvensides [8] mromntoed us o0 examine the nﬂnhlfnlv
A2 8 le LJOoLILIwD lUJ lll\llAll}\l\/\.l \IU WA Canitaldiiasis UAAN, Aiiiirsavina

potential of new bicyclic aza-sugar mimics based on a
9-oxaquinolizidine skeleton 1 (scheme 1, upper part).

* Correspondence and reprints

active site of the targeted glycosidases would afford the
N-hydroxypropyl substituted iminium cation 2 as a po-
tential transition state analogue of the glycosyl cation
likely to inhibit these enzymes.

During the course of our synthetic studies towards
the novel heterocyclic skeleton 1, tiie open-chain inter-
mediate amides 3 (Nu = OH, I, F) possessing an in-
verted stereochemistry at C(5) could not be prepared
by chemical meodification of their direct precursors 4

or mesylates 5 (scheme 1, upper part). Dependmg on
experimental conditions and structures of the open-
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chain substrates 4/5, particularly at the level of the
sugar backbone, two types of intramolecular cycliza-

tions were observed according to the chemical naturc of

the participating group. The nucleophilic participation
of the benzyloxy at C(2) in 4/5 as well as the amide
group in 4 can afford, respectively, the polyoxygenated
tetrahydrofuran 6 or the lactone 8 (O-cyclization via
the corresponding iminolactone 7 followed by hydroly-
sis). Among the conditions tried, we soon focused on
two sets of experimental conditions. The first involves
reaction of the mesylate 5 with one of the two reagents:
LiOH or Nal (two-step cyclization from 4, see scheme 1,
lower part and table I). The second arose from an un-
successful fluorodehydroxylation reaction performed on
the precursor aleohol 4 itself using (diethylamino)sulfur
trifluoride (SFaNEta, DAST) [9] in CH,Cly at low ten-
perature (one-step cyclization).

Although not directly related to our initial project,
these new cyclization conditions have an intercsting
synthetic potential since they apply to open-chain sub-
strates 4 or 5 allowing a cis/trans-stercoselective con-
struction of highly oxygenated tetrahydrofurans of type
6. Such complex and diverse substructures, frequently
encountered in many natural products, have stimu-
lated the search for efficient, rapid and stercosclective
methods of their preparation {10].

Results and discussion

The purpose of this communication is to delineate the
scope and limitations of our new conditions emphasizing

particularly the stercoselective synthesis of chiral poly-
oxygenated tetrahydrofurans from various open-chain
precursors (table I).

As depicted in scheme 2, precursors 13, 14, 16
and 18 were synthesized by aminolysis of 2,3,4,6-tetra-
O-benzyl-D-gluconolactone/mannonolactone 10/11 and
2,3,4-tri-O-benzyl-D-xylonolactone 12 using 3-(4-meth-
oxybenzyloxy)propylamine or hexylamine (2 cquiv,
benzene at reflux, 5 h, yields ranging from 75 to
96%). trans-Esterification of 2,3,4,6-tetra-O-benzyl-D-
gluconolactonne 10 in ethanol at reflux using cat-
alytic HySO, afforded the benzylated ethyl ester 15
(76% yield). Additionally, 2,3,4,6-tetra-O-benzyl-c-»-
mannopyranose was submitted to a reduction reaction
(LiAlH4, ether, 20 °C, 0.5 h, 98%) followed by a se-
lective silylation of the intermediate diol (TBDMSCI
CH2Cly, imidazole, 20 °C, overnight, 86%) to give the
silylated precursor 17.
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After mesylation of 13-18 (MsCl, TEA /ether, 20 °C,
0.5 L, TLC control), the expected mesylates were
used immediately in the cyclization promoted by
LiOH (4 equiv, THF/Hz0 1:1 mixture, reflux, 2 h)
or Nal (4 equiv, CH3CN, reflux, 2 h). In parallel,
13-18 were reacted with DAST (1.5 equiv) in CH.Cl,
at —78 °C (table I).
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Table I. Cyclization conditions/rengents, structures of hydroxylated precursors 13-18, and cyclized adducts tetrahydrofu-

rans 19-23 and lactone 24,

Lutry  Open-chain substrate  Compound  Reageni(s)  Cyclization product  Compound  Yield (%, cis/trans ratio)!
Bn
Bno’“ A‘\OBn DASrru Bn an
H S
1 oy oM 13 MsCI® o wy OBR 80 (1:99)
VH*~oBn LiOHe o” ™" 19 86 (5:95)
(CH2)30FPMB NH(CH32);0PMB
Bn
Bno._J_.0Bn DAST® BnQ ©Bn ]
2 H 14 MsCI® o vy SOBN 20 59 (1:99)
0P HioH Nal® o 82 (4:96)
NH *~0B8n NH{(CH2)sCH3
{CHgz)5CHa
B8n
Bno._X_.OBn DAST® BnQ ©8n - (
3 H 15 MsCiP o -y OBR 21 62 (1:99)
OEt * g det
8n
BnO,, OBn DAST® Bn pB n
b o 78 (1:99)
4 0%\ OH 16 I\#CIJL o 22 78 (2:08)
(CHz)sCH3 a NH(CH2)5CH3
Bn OBn
DAST® ¢
5 17 MsCl® ol oy SOBN 23 gg E ; 857);
[+ Dt
Nal OTEBDMS
Bn
, Bn elcly
6 18 DAS'T 7308 24 77 (1:99)

(CHz)5CH3

PMB: p-methoxybenzyl. ® DAST (1.5 equiv), CH2Cla, —78 °C, 2 h. ® MsCl (1.1 equiv), NEts (1.1 equiv), cther, 20 °C, 2 h. © LiOH
{4 equiv), THF/H20 1:1, reflux or Nal (4.0 equiv), CH3zCN, reflux, 2 h. 4 Assay of the cis/trans chromatographically inseparable
cyclized adducts by '*C NMR. (76 MHz) at the level of al least two well-resolved resonances (the reported cis/trans ratio of 1:99

indicated that the other cyclic diastercomer cannot be detected).

On the basis of the best results in table I, the fol-
lowing may be concluded. First, the one-step cycliza-
tion (DAST") or the two-step mesylation-cyclization
(MsC1" then LiOH® or Nal®) performed on 13-17
(table I, entries 1-5) both afford good yields
(59-86%) of tetrahydrofurans 19-23, arising from an
intramolecular participation of the benzyloxy group
at C(2). Variable amounts of unreacted precursors
(5-15%) are recovered after purification therefore pro-
viding a good mass balance.

It is particularly attractive that DAST promotes this
cyclization even at —78 °C, most likely via the sulfi-
nate 9 (see scheme 1). This fluorinating reagent must
be considered as a very powerful activating agent for
hydroxyl functions as already observed during a new
and efficient synthesis of 2-oxazolines/thiazolines from
1,2-amido/thioamido alcohols [11, 12]. Spectroscopic
(IR, high field 'H/'3C NMR, 2D-correlations) and ana-
lytical data agree with the adduct structures depicted.

Some related cyclizations affording 2,5-substituted
tetrahydrofurans by benzyloxy participation are known
and result in a more or less cfficient control of the
cis/trans-2,5-stereoselectivity [13]. Furthermore, it is

interesting to note that these previous observations
as well as our own results emphasize the limitations
encountered with the use of the benzyl protecting
group especially when the functions reacting are in a
1,4-relationship.

Second, whatever the experimental conditions,
the isolation of 19-23 is independent of the pri-
mary/secondary nature of the activated alcohiol at C(5)
in the case of precursors 13-17 (entries 1-5). Addition-
ally, an amide (entries 1, 2, 4), cster (entry 3), or a
tert-butyldimethylsilyloxy group (entry 5) at C(1) have
no influence on the cyclization since the same mode of
nucleophilic participation is observed.

Third, net Snx2 type inversion of stereochemistry
at C(5) in 13-15 and 17 provides the trans-2,5-
disubstituted tetrahydrofurans 19-21 (entries 1-3) as
well as cis-derivative 23 (entry 5) in comparable yields.
Magnetization transfer (NOEDIFF experiments) be-
tween H(2) and H(5) in 23 is observed but is absent in
19. Furthermore, although higher yielding, the two-step
cyclization (jNa.I or LiOH) is slightly less stercoselective.
High-field 13C NMR signals for the carbonyl group in
the inseparable mixture of cis/trans-adducts indicate a
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90-96% diastercomeric purity as compared with a pu-
rity of at least 98% observed with the DAST-mediated
cyclization.

Finally, the cyclization of 14 and 18 illustrates the
two possible Sy2-type modes of participation, that is
benzyloxy versus amide (entries 2 and 6) leading respece-
tively to the tetrahydrofuran 20 and the six-membered
lactone 24 (diastercomeric purity 98%) [14). Since these
opeti-chain precursors differ only by the absolute sterco-
chemistry at C(2) (gluco versus manno configuration),
this unexpected observation seems to indicate the in-
volvement of two very different cyclization transition
states, tentatively depicted using molecular modeling
(fig 1) and easily understood as shown in scheme 3.
Related to these trdnsition states en route to lactone
24 and tetrahydrofuran 25 as a simpler methyl amide
analogue of 20, the conformations of acyclic precursors
(26) (gluco configuration) and 27 (manne configura-
tion) have been optimized in order to limit the number
of conformational minima for these highly conforma-
tionally mobile compounds. This study las been ac-
complished by the following procedure.

27 (manno configuration)

26 (gluco conliguration)

C(2)-0(1) distance: 2.78 AA  C(2)-O(1) distance: 3.22 A
O(1)-C(2)-0O(3) angle 0O(1)-C(2)-0(3) angle
(dashed line): 159.3° {dashed line): 160.6°

Fig 1. Configurations of 26 and 27.
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Scheme 3

Cyclic compounds 24 and 25 were minimized
(MAD V 2.2 software, Oxford Molecular Ltd) using
the Allinger’s MM2 force field {15] and a usual minima
Monte-Carlo search. Cleavage of the two bonds C(5)-
O in these optimized structurcs without any further
structural modification is followed by saturation of the

opened valences by the appropriate funectional group.
In order to take into account potential intramolecu-
lar hydrogen bonds, we considered between unbounded
atoms a term of electrostatic interaction of charge-
charge type and not a dipole-dipole term as considered
usually by the MM2 force field. Charges were calculated
by Gasteiger's method [16]. Minimization of these open-
chain structures without minima Monte-Carlo scearch
afforded the two depicted conforimational states, 26 and
27 (scheme 3}, analogues of 14 and 18.

Interestingly, the two participating groups in min-
imized compounds 26 D-gluco configuration) and 27
(»-manno configuration} are suitably disposcd spatially
for a five- or six-membered ring cyclization (schetne 3).
In particular, the atoms O(1), C(2) and O(3) in-
volved in the cyclization are in an expected quasi-
lincar disposition since the calculated trajectory angles
between those reacting centeors are close to the ideal
180° value (26 O(1)-C(2)-0O(3) = 159.3°; and 27 O(1)-
C(2)-0(3) = 160.6°) (fig 1). Morcover, following the
same optimization procedure, the minimized conforma-
tions of precursors 15 and 17 indicate a five-membered
ring benzyloxy participation independent of the chemn-
ical function at C(1) (entries 2, 3 and 5; fig 2). Dis-
tances C(2)-O(1) and trajectory angles O(1)-C(2)-O(3)
are in the same range as the previously observed
values (O(1)-C(2)-0(3)/C(2)-0(1): 15 162.1°/2.69 A;
17 165.3°/2.81 A).

17

C(2)-0(1) distance: 2.69 AA  C(2)-O(1) distance: 2.81 A
O(1)-C(2)-0O(3) angle O(1)-C(2)-0(3) angle
(dashed line): 162.1° (dashed line): 165.3°

Fig 2. Optimized conformations of 15 and 17.

Conclusion

Among our two sels of cexperimental conditions
(LiOH/Nal or DAST) for promoting the cyclization of
chiral oxygenated open-chain precursors 13-18 to the
corresponding tetrahydrofurans 19-23 or lactone 24,
DAST was shown to be the most promising reagent
both in terms of yields (61-80%) and stereoselectiv-
ity (diastereomeric purity of cyclized adducts > 98%).
Even at a temperature of —78 °C and depending on
the substrate, an Sy2-type intramolecular benzyloxy or



amide group nucleophilic participation is observed fol-
lowing hydroxyl activation by DAST. Molccular model-
ing studies provide a tentative rationale to explain the
different modes of cyclization in the particular case of
the two acyclic precursors 14 and 18.

Experimental section

Generalities about this scction have been described clse-
where [17]. The spectra of 13-18 were obtained in CDCl;
at 200 MUz (‘H NMR) and 50 MIlz (**C NMR) while
19-24 were characlerized at 300 and 75 MHz. Analytical
HPLC analyses were performed on a Waters Symmetri-C18
reverse-phase column (6 pin, 250 x 4.6 mm, t = 35 °C)
by using Shimadzu 10 AS HPLC pump at 1.5 mbL/min
flow rate equipped with a diode-arrayed LICI3 2140 detector
(190-370 nm). DAST is commercially available (Janssen
Chimica) and was used as reccived without prior purifica-
tion.

Aminolysis of sugar lactones: a typical eaxperimental
procedure

The appropriate sugar lactone (4.4 munol) and 3-[(4-
methoxybenzyl)oxy]propylamine or hexylamine (8.8 mmol,
2.0 equiv) were refluxed in 15 ml of benzene under argon
for 5 h. After completion of the reaction, the organic sol-
vent was evaporated and the erude hydroxylated amide was
purified by flash chromatography on silica gel aflording the
corresponding pure compound (elution with the appropriate
solvent mixture (SM) and yiclds).

o N-[3-(4-Methoxybenzyl)propyl)-2,3,4,6-tetra-
O-benzyl-D-gluconamide 13

SM: hexane/cethyl acetate 1:1 (colorless oil, 87%).

IR (NaCl): 3404 (von, 2929, 2863 (vcu,cu,), 1669
(vco), 1612, 1585, 1453 (Ve=c phenyl, YClinn), 1248
(I/co) em™?t,

TH NMR: 6 1.72 (¢, J = 4.6 Hz, 2H), 2,95 (d, J = 3.0 Hz,
[11), 3.20-3.35 (in, 1H), 3.40-3.51 (m, 3H), 3.58-3.67 (1,
J = 2.5 Hu, 21), 3.76 (s, 311), 3.85-3.96 (m, 2H), 4.10 (L,
J = 8.2 Hz, 1H), 4.25 (d, J = 2.7 Hz, 111), 4.31 (3, 2H),
4.51-4.72 (m, 8H1), 6.84 (d, J = 8.6 Hz, 21), 7.17-7.35
(m, 23I1).

BONMR: 6 20.2,37.4, 55.1, 68.3, 71.2, 72.7, 73.2, 73.6, 74.8,
75.5, 78.1, 79.9, 80.5, 113.7, 127.5, 127.G, 127.9, 129.3,
1:30.3, 136.6, 138.0, 138.1, 138.8, 159.1, 170.5.

MS (CI, NHa): 734.0 [MH]*,

Anal calc for Cypllsy NOg (733.90): C, 73.65; H, 7.00. Found:
C, 73.41; H, 6.98.

[a]d = 420 (¢ = 1.22, CH,Cl2).

e N-Hexyl-2,3,4,6-tetra-O-benzyl- D-gluconamide 14

SM: hexane/ethyl acetate 7:3 (colorless oil, 86%).

M NMR: 6 0.89 (1, J = 6.0 Hz, 3H), 1.26-1.41 (m, 8H),
294 (d, J = 4.0 Hz, 1H), 3.13-3.32 (m, 2H), 3.63-3.71
(m, 211), 3.88-3.91 (im, 211), 4.10 (dd, J = 3.2 and 5.4 Hz,
1H), 4.28 (d, J = 2.9 Hz, 1H), 4.48-4.76 (m, 8H), 6.68
(in, 1I1), 7.18-7.44 (m, 20H).

3O NMR: & 13.9, 224, 26.5, 20.3, 313, 39.1, 71.0, 71.3,
73.8, 74.0, 75.0, 76.3, 77.5, 80.0, 80.6, 127.6, 127.7, 127.9,
128.1, 128.2, 128.5, 136.7, 137.7, 138.1, 170.7.

Anal calc for Ciol49NQg (639.89): C, 75.09; H, 7.72;
N, 2.19. Found: C, 75.06; I1, 7.72; N, 1.97.

[0] = +19 (¢ = 1.40, CH2Cla).
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Ethyl 2,3,4,06-tetra-O-benzyl- D-gluconate 15

2,3,4,6-"Tetra-O-benzyl-D-gluconolactone 10 (2,40 g,

4.5 munol) was dissolved in ELOH (15 mL) containing a cat-

alytic gquantity of concentrated Ha80, (5.0 pulL). The mix-

ture was refluxed for 12 h, cooled to 0 °C, and then neutral-

ized with solid Naz2COy (3.0 g). After filtration, the medimm
was evaporaied to give an oil which was purified by flash
chromatography on silica gel deactivated by triethylamine

('TEA}) (hexance/cthyl acetate/TISA 60:40:0.01). Compound

15 was thus obtained as a colorless oil (1.9 g, 75%).

SM: hexane/ethyl acetate 6:4 (colorless oil).

IR (NaCl): 3 522 (von), 3 087, 3062, 2979, 2 868 (Vci.ciiz )
1751 (vco), L496, L454 (ves=c phengt), 1365, 1097
(vc-0) em™ .

THONMR: 6 1.20 (t, J = 7.1 Hz, 311), 2.85 (d, J = 4.6 l1z,
1), 3.61 (d, J = 4.6 Hz, 2H), 3.90-1.12 (m, 51), 1.37
(d, J = 4.4 Uz, 111), 4.48-4.80 (m, 8H1), 7.23-7.10 (in,
201).

3C NMR: 6 13.9, 80.8, 71.0, 72.9, 73.2, 73.4, 73.5, 73.6, 78.0,
78.2, 79.5, 127.5, 127.8, 127.9, 128.2, 136.8, 137.3, 137.4,
137.8, 170.6.

MS (CI, NH3): 602.0 [M + NILj*.

Anal cale for CysllypOr (581.72): C, 73.97; 11, 6.84. Found:
C, 73.61; H, 6.79.

[a]® = +38 (c = 0.48, Cl1:Cl2).

o N-Heayl-2,3,4-tri-O-benzyl-D-zylonamide 16

SM: hexane/ethyl acetate 7:3 (white solid, 94%).

IR (NaCl): 3414 (vnu amide)y 3306 (011 wiconal)s 3032,
2920, 2860 (vci.city), | 653 (VCo amide)s (1532, 1496,
1454] (#o=c phenyt), 1 068 (vc-0), 1028 cim~!,

'I1 NMR: 6 0.80 (1, J = 6.0 Hz, 3H), 1.26-1.42 (1, 8H),
237 (1, J = 5.7 Hz, 1H), 3.12-3.18 (1, 1H), 3.28-3.36
(m, 1H), 3.50-3.53 (i, 1H), 3.65-3.78 (in, 211), 1.07-4.13
(m, 2H), 4.48-4.76 (m, 6H), 6.68 (L, J = 4.2 Mz, 11),
7.28-7.34 (m, 15H).

BONMR: 6 13.9, 22.4, 26.5, 20.3, 31.3, 39.2, 61.6, 73.2, 73.7,
75.2, 9.4, 79.6, TO.7, 127.7, 127.8, 128.2, 128.5, 128.7,
1:38.1, 170.5.

MS (CI, NHy): 520.0 [MH]™*.

Anal cale for CyuallyiNOs (519.68): C, 73.96G; 11, 7.96;
N, 2.70. Found: C, 73.81; 1, 8.21; N, 2.50.

[0]f = +2 (¢ = 0.74, CH2Cla).

1-0-(tert-Butyldimethylsilyl)- 2,3, 4, 6-tetra- O-benzyl-
D-mannitol 17

Compound 17 was oblained by a two-step scquence of
reduction/lert-butyldimethylsilylation from 2,3,4,6-tctra-O-
benzyl-a-D-mannopyranose. The sugar (0.20 g, 0.37 mmol)
was dissolved in ethyl ether (5 mL) and treated with LiAllL,
(28.0 mg, 0.74 mmol, 2.0 equiv) under argon for 0.5 h al.
room lemperature. After completion of the reaction, the
medium, after successive treatments with water (0.03 mL),
0.15 N NaOH (0.03 mL), and finally water (0.09 mL) be-
came white. Filtration of the aluminium salts followed by
cvaporation of the solvents afforded an oil which was pu-
rified by flash chromatography on silica gel (hexane/ethyl
acectate 3:2, colorless oil, 98% yicld).

The corresponding pure diol was immediately silylated
in the following manner: the diol (1.96 g, 3.6 mmol), imida-
zole (0.295 g, 4.3 mmol, 1.2 cquiv) and TBDMSCI (0.654 g,
4.3 mmol, 1.2 equiv) were mixed together in CH2Clz (10 mL)
at 0 °C and agitated overnight at room temperature. Af-
ter quenching of the medium by water (10 mL), the de-
canted aqueous layer was extracted with ether (3 x 10 mL),
filtered and concentrated. The remaining oil was purified
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by flash chromatography on silica gel deactivated by TEA

(hexane/ethyl acctate/TIEA 90:10:0.01) affording pure 17

(colorless oil, 86%).

IR (NaCl): 3 168 (von), 3 063, 3 030, 2 856 (rcir,ci, ), 1 496,
1454 (ro=c phenyt), 1390, 1360, 1328 (vcur,), 1098
(rc-o0) em™t,

'H NMR: 8 0.10 (s, 6H), 0.95 (s, 9H), 2.72 (d, J = 6.1 Hz,
1H), 3.61-3.63 (m, 2H}), 3.64-3.91 (i, 3H), 1.00-4.10 (i,
3H), 4.43-4.81 (1, 8H), 7.19-7.32 (m, 20H).

BC NMR: 6 —3.7, 18.1, 25.8, 62.2, 70.2, 71.1, 71.8, 73.1,
73.5, 74.0, 78.2, 78.7, 80.0, 127.2, 127.5, 127.6, 128.0,
128.1, 128.2, 137.9, 138.4, 138.5.

Anal cale for CyoHp2048i (656.94): C, 73.13; H, 7.97. Found:
C, 72.59; H, 7.82.

o N-Hexyl-2,83,4, 6-tetra-O-benzyl-D-maennonamide 18

SM: hexane/ethyl acetate 7:3 (white solid, 89%).

IR (NaCl): 3417 (Uni gun )y 3031, 2929, 2860 (van,cu,),
1662 (VCO umhlc)a [l 532, 1497, 1 453] (VC=C phcnyl),
1092 (ve-0), 1028 ecm™!,

'H NMR: 6 0.87 (t, J = 6.5 Hz, 3H, 1.23-1.41 (in, 8H), 3.20
(a1, J == 6.5 Hz, 2H), 3.54 (d, J = 5.9 1z, 1H), 3.65~-3.67
(m, 2I1), 3.85-4.19 (m, 311), 4.38 (d, J = 2.9 Hz, 11),
4.48-4.71 (m, 8H), 6.64 (m, 1H), 7.17-7.32 (m, 20H).

BC NMR: 6 14,0, 22.5, 26.5, 29.4, 31.4, 30.1, 71.0, 71.3,
72.8, 73.4, Td.d, 74.5, 79.0, 80.2, 81.7, 127.5, 127.9, 128.0,
128.3, 128.5, 138.3, 170.2.

MS (Cl, NHg): 640.0 [MH]*.

Anal cale for CyolligNOg (639.89): C, 75.09; H, 7.72;
N, 2.19. Found: C, 74.95; I, 7.96; N, 1.95.

(@]} = ~4 (¢ = 2.34, CH,Clz).

Tetrahydrofurans 19-23 by the mesylation-cyclization
sequence (two-step reaction): general erperimental
procedures

o Mesylation of the precursor alcohols 13-17
To the precursor alcohol (6.0 mmol) dissolved in anhydrous
cther (30 mL) was slowly added TEA (6.6 mmol, 1.1 equiv)
and mesyl chloride (6.6 mmol, 1.1 equiv). After 0.5 h of
reaction at 20 °C, the white precipitate was filtered and the
filtrate concentrated under vacuum affording a yellow oil.
‘I'he mesylate, generally obtained in a quantitative yield,
was of suflicient purity for the next cyclization step.

e Cyclization of mesylates promoted by LiOH or Nal
Iach of the previously obtained mesylates (0.12 mmol)
was’ refluxed for 2 h in the presence of LiOH (12.0 mg,
0.48 mmol, 4.0 equiv) in THF/H20 1:1 (5 mL) or Nal
(75.0 mg, 0.418 mmol, 4.0 equiv) in CH3CN (5 mL). After
evaporation of the solvents, the crude tetrahydrofuran was
purified by flash chromatography on silica gel affording the
cyclized product (elution with the indicated SM). Yields and
¢is/lrans ratios are reportec in table I.

Tetrahydrofurans 19-23 and lactone 24 by the DAST-
mediated-cyclization (one-step reaction): general ex-
perimental procedure

The precursor alcohol 13-18 (0.18 mmol) dissolved in
CH2Cl2 {3 mL) under argon was cooled to —78 °C and
slowly treated with DAST (42.0 pL, 0.28 minol, 1.5 equiv,
1 mL CH2Clz). The reaction mixture was agitated at the
same temperature for 2 h then poured on 0.5 N NH,OH
(5 mL), previously cooled to 0 °C. The decanted aqueous

phase was extracted with other (3 x 15 mkL), dried (an-
hydrous MgSQy) filtered and concentrated under vacuum.
The remaining oil, purified by flash chromatography on sil-
ica gel, afforded the pure cyclized product (elution with the
indicated SM). Yiclds and cis/trans ratios were reported in
table L.

e (21,38,41R,55)-2-({ 3-[(4-Methoxybenzyl)oxylpropyl}
aminocarbonyl)-3,4-dibenzyloxy-5-{(benzyloxy hnethyi)
tetrahydrofuran 19

SM: pentanc/ethyl acetate 1:1 (colorless oil).

IR (NaCl): 3417 (Unu amide), 3054, 2928, 2866 (vou,cii, ),
1672 (vco amide), [l 514, 1455] (ve=c phenyt), 12060,
1095 (vo-0), 1029 em™?,

'H NMR: § 1.74 (m, 2H), 3.35 (m, 2H), 3.67 (m, 3H), 3.76
(s, 3H), 3.97 (d, LM, J = 3.3 Hz), 4.31-4.42 (m, 4LI),
4.51-4.56 (m, TH), 4.59 (d, 1H, J = 3.7 Hz), 6.85 (d, 2H,
J = 8.4 Hz), 7.21-7.33 (in, 18H).

13C NMR: 6 29.3, 55.5, 60.5, 68.4, 68.9, 72.5, 72.8, 73.2, 73.7,
81.2, 81.8, 82.0, 82.2, 113.9, 126.0, 127.9, 128.0, 128.6,
128.7, 129.0, 129.5, 131.1, 138.1, 159.5, 169.1.

MS (CI, NH3): 626.0 [MH]*, 643.0 [M + N1{4]*.

Anal calc lor CysllisNO7 (625.77): C, 72.96; H, 6.88. Found:
C, 72.69; H, 7.11. .

[a]F = +19 (¢ = 0.65, CHzCly).

e (2R,35,4R,58)-2-[(Hexylumino )carbonyl/-
3,4-dibenzylozy-5-[(benzyloxy )methyl]-
tetrahydrofuran 20

SM: hexane/ethyl acetate 4:1 (colorless oil).

IR (NaCl): 3 418 (vnit amide)s 3 030, 2927, 2859 (veu,ciy ),
1673 (I’CO umixlc)s [1 531, 1496, 1 454] (”'C=C phcnyl)’
1075 (vc-0), 1028 em™L.

'H NMR: 6 0.90 (t, J = 5.8 Hz, 3H), 1,25-1.46 (m, 8H),
3.23 (n, 2H), 3.69 (ddd, J = 3.8, 6.2 and 10.0 Hz, 1),
3.97 (dd, J = 3.8 and 2.6 Hz, 1H), 4.30 (dd, J = 2.6 and
3.4 Hz, 1H), 4.35-4.47 (m, 211), 4.47-4.55 {m, GH), 1.58
(d, J = 3.4 Iy, 1), 6.70 (in, 1H, NH amide), 7.30-7.48
(m, 15H).

C NMR: 6 13.8, 22.3, 26.3, 20.4, 31.2, 38.7, 66.5, 71.7, 72.9,
73.4, 80.7, 81.3, 81.4 and 81.5 (2C), 127.5, 128.2, 137.2,
137.5, 137.6, 168.7.

MS (CI, NH3): 532.0 [MH]*, 549.0 [M + NHa]*.

HR-MS (EI) calc for C26H3aNOg ([M ~ PhCHy]): 440.2437,
found: 440.243; calc for CagHasNOs ([M - PhCHa)T)
425.2566, found 425.257.

Analytical HPLC using McOH/H,0/CF;CO2H 80:20:0.01
as cluent (purity =99% at 252 and 217 nm, {r = 18.8 min,
Ve = 28.2 mL).

[@)¥ = 434 (¢ = 1.15, CH2Cl2).

e (2RR,85,4R,55)-2-Ethozycarbonyl-3, 4-dibenzylozy-
5-[(benzyloxy)methyljtetrahydrofuran 21

SM: pentane/ethyl acetate 4:1 {colorless oil).

IR (NaCl): 2928 (ven,ctz), 1761 (#co ester), [1 407, 1 454)
(Ve=c pheny1), 1009, 1093 (vc-0) cm™1.

'HONMR: 6 1.25 (t, J = 7.0 Uz, 3H), 3.72 (m, 2H), 4.03 (d,
J = 3.5 Hz, 1H), 4.11-4.23 (i, 2H), 4.30 (d, J = 4.8 Hz,
1H), 4.54-4.556 (m, 7H), 4.76 (d, J = 4.8 Hz, 1H),
7.23-7.35 (m, 15).

YO NMR: 6 14.3, 61.3, 61.3, 72.9, 73.2, 73.9, 80.4, 80.9, 81.7,
83.3, 128.0, 1284, 128.9, 129.0, 129.4, 138.0, 138.4, 138.6,
170.0.

MS (CI, NHjz): 477.0 [MH]*, 494.0 {M + NH4]*.

Anal calc for CaoH3306 (477.58): C, 73.10; H, 6.72. Found:
C, 73.13; I, 6.53.

[@)E = +14 (c = 1.37, CH2Cl2).



o (21,585,4 R )-2-[(Hesylamino ) curbonyl)-
3, 4-dibenzylozy-tetralydro furan 22

SM: pentano/ethyl acetate 7:3 (colorless oil),

IR (NaC1): 3422 (vn01 amide), 3032, 2930, 2859 (vai,ong),
1670 (”C.‘O nmhlu), [1 53’11 1‘1979 1 ‘155] (HC=C p]lunyl),
1099 (ve-0), 1063, 1028 em™!,

11 NMR: 6 0.87 (t, = 6.2 Hz, 3H), 1.25-1.46 (i,
811), 3.28 (i, 211), 3.92 (d, J = 9.7 Hz, 1H), 41.04 (d,
J = 3.8 Uz, 11), 4.17 {dd, J = 3.8 and 0.7 Hz, 1H), 4,31
{cl, J = 3. Hg, 1H), 4.42-4.61 (m, GH), 6.58-6.72 (m,
L1}, 7.30-7.34 (10, LOH).

PO NMR: S 14,1, 22,6, 26.9, 20,9, 31.6, 30.1, 71.2, 71.6, 73.0,
81,2, 82.2, 128.1-128.G, 166.7.

MS (CI, NITy): A12.0 [MI)™, 420.0 [M 4 N

HR-MS (121): cale for CigHayNOy (M - PLWCHOT):
J05.1991, found 306.199.

Annl cale lor CogllaaNO, {(411.55): C, 72.59; H, 8.02. Found:
C, 74.88; H, 9.79.

[ F = +10 (¢ = 0.95, CI12Cla).

o (21%,55,41%,65)-2-{ [(teri- Butytdiniethylsilyl}oay/
methyl} -3, 4- dibenzylozy-5-{(benzyloxy )methyljictra-
hydvofuran 28

SM: pentane/elhyl aceinte 9:1 (colorless oil).

IR {NaCl): 3031, 2028, 2857 (vow,cig), 1497, 1454]

(Yo=c pheayt)s L 361, 1254, 1 207, 1096 (ve-o), 1 028 em™'.

T NMR: 6 0.06 {5, GI1), 0.90 {8, OI), 3.57-3.79 (i, 4H),
345 (m, L11), 4.05 (dd, J = 10.0 and 5.8 Hz, 2H), 4.22
{m, 111), 4.42-1.50 (m, G611), 7.27-7.38 (n, 15H1).

O NMR: S 10,6, 26,0, 64,1, 69.1, 71.7, 72.0, 73.6, 80.4, 83.2,
83.9, 84.8, 127.3, 128.5, 118.4, 138.9.

MS (CI, NHg): 549.0 [MH|*, 566.0 [M + NH,*.

Anal eale for Cuz 440580 (548.80): C, 72.26; H, 8.02. Found:
C, 72.35; H, 7.50.

[)E = 413 (e = 1.11, CH2Cly).

e 2.3.4,0-Tetra-O-benzyl-L-gulonolactone 24

SM: hexanc/cthyl acctate 75:25 (colorless oil).

IR {NaCl): 3054, 2872 (VCII.GHQ), 1755 (Fco inetone)s [l 196,
[ 454] (re=c phenyt)s L 184, 1103 {ve-o), 737 e

11 NMR: & 3.71 (d, J = 5.6 Hz, 2H), 3.80 (dd, J = 2.6 and
1.9 Haz, 111), 3.97 (dd, J = 4.5 and 1.9 Hz, 11}, 4.36 (d,
J = 2.0 Hg, 1H), 4.37-4.70 (m, 611), 1.82-4.88 (i, 111),
A.83 (d, J = 12.2 Uz, 1), 5.10 (d, J = 12.3 Hz, 111),
7.00-7.40 (m, 201).

O NNMR: 5673, 72.8, 73.3, 73.4, 73.5, 73.6, 74.0, 75.5, 77.4,
128.4-127.8, 136.9, 137.1, 137.5, 137.6G, 170.3.

MS (C1, Nly): 539.0 [MHJY, 556.0 [M + NILJ™*.

Anal cale for Cyqla: 06 (538.65): C, 75.82; 1, 6.306. Found:
C, 75.72; I, AL,

[l = ~53 (¢ = L.14, Cl12Clz).
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